Hormonal regulation of tissue-type plasminogen activator messenger ribonucleic acid levels in rat granulosa cells: mechanisms of induction by follicle-stimulating hormone and gonadotropin releasing hormone.
FSH and GnRH both stimulate rat granulosa cells to produce tissue-type plasminogen activator (tPA). We have studied the molecular mechanisms involved in the action of these hormones by measuring tPA mRNA levels in primary cultures of rat granulosa cells. When granulosa cells were cultured in the presence of FSH or GnRH the level of tPA mRNA was increased 20- and 12-fold, respectively. The induction of tPA mRNA by FSH and GnRH was additive and the kinetics of induction differed. The effect of FSH could be mimicked by bromo-cAMP or forskolin, and was drastically enhanced by cotreatment with the phosphodiesterase inhibitor 1-methyl-3-isobutylxanthine. These findings are consistent with the notion that FSH mediates its effect through the protein kinase A pathway. GnRH is believed to augment phospholipid turnover in granulosa cells, leading to the activation of the protein kinase C pathway. Like GnRH, the protein kinase C activator phorbol myristate acetate also induced tPA mRNA in granulosa cells. In the presence of the protein synthesis inhibitor, cycloheximide, FSH-stimulated tPA message levels were enhanced by 30-fold, revealing superinduction of tPA mRNA levels by this pathway. In contrast the induction of tPA mRNA by GnRH was inhibited by cycloheximide indicating that the synthesis of an intermediate protein is required for the GnRH effect. Our data suggest that FSH and GnRH increase the tPA mRNA levels by two distinct pathways in cultured granulosa cells, providing a model system for studying the hormonal regulation of tPA gene expression.